Objectives: To assess the average daily levels of physical activity, energy expenditure and the time and energy spent at different activities in two cohorts of Swedish adolescents. Design: Total energy expenditure (TEE) and physical activity level (PAL TEE/basal metabolic rate (BMR)) were estimated in 374 randomly selected healthy adolescents living in two different regions of Sweden on the basis of a seven-day activity diary (AD) and predicted BMR. A validation of the estimates from the AD with the doubly labelled water (DLW) method in a randomly selected subsample of 50 of these subjects is presented elsewhere. Setting: The Unit of Paediatric Physiology of the Department of Clinical Physiology, University Hospital, Uppsala and the Department of Paediatrics, Northern A È lvsborg Hospital, Trollha Èttan, Sweden. Results: No signi®cant differences in TEE and PAL were found between the adolescents of the two regions. High levels of TEE (14.2 and 10.9 MJ/d in boys and girls, respectively) and PAL (1.95 and 1.80) were observed. There was a close association between the PAL of the adolescents and their reported time spent sitting. Those with the lowest PAL values spent 3±6 h longer each day sitting compared to those with the highest PAL values. The results also indicate that everyday activities such as walking and bicycling have a crucial impact on the PAL values. Conclusions: In the 15 y old adolescents of the two studied regions of Sweden, high and concordant levels of energy expenditure and physical activity were found. Sponsorship: Swedish Medical Research Council (project no. 10379), Uppsala University, and the County Councils of Uppsala and Trollha Èttan. Descriptors: activity diary; basal metabolic rate; doubly labelled water method; energy expenditure; physical activity level; adolescents
Introduction
Epidemiological studies in Sweden (Engstro Èm, 1989) have indicated that a decline in spontaneous physical activity took place in Swedish children and adolescents from 1968± 1984. In a study of 50 randomly selected 15 year old Swedish adolescents with use of the doubly labelled water (DLW) method and indirect calorimetry (Bratteby et al, 1997a) , however, we found high levels of total energy expenditure (TEE) and physical activity (PAL TEE/BMR). The DLW method is considered to be the most accurate method available today for measurement of TEE and calculation of PAL. The above-mentioned study is the largest one in normal adolescents published hitherto. Still, 50 subjects is too small a sample to allow general conclusions to be drawn about TEE and PAL in Swedish adolescents. The very high costs of a DLW measurement hamper the use of this technique for studies on large samples of subjects.
We know from earlier studies (Sunnega Êrdh et al, 1986 ) that children's life-styles with respect to physical activity and dietary habits, for example, co-vary with the socioeconomic situation of the family. In the present study, which is part of a longitudinal investigation of dietary habits, energy balance, physical activity and body composition, TEE and PAL were investigated in 374 ®fteen year old adolescents in two different regions of Sweden with different socio-economic conditions, using a seven day activity diary (AD). When this method was validated by the DLW method in a subsample of 25 boys and 25 girls randomly selected from the adolescents of this study living in Uppsala, the diary method was found to provide close estimates of TEE for groups of adolescents (Bratteby et al, 1997b) .
Subjects and methods
Six hundred ®fteen year old adolescents living in the university city of Uppsala and the industrial town of Trollha Èttan were selected by a randomization computer program from a data base of the of®cial population register of 15 y old adolescents in the two regions. They were invited by letter to participate in the study and were informed about its nature and purpose. Subsequently they were contacted by telephone. As inclusion criteria, all subjects should live in the central areas of the two cities. Further, they had to be healthy according to the school health records and a clinical examination performed during this study, and their parents had to be of Swedish origin. One hundred and ninety-three boys and 218 girls agreed to participate in the study, and 171 boys and 203 girls completed a seven day activity diary.
Those invited adolescents who refused to participate or failed to complete their seven day activity diary received a mailed questionnaire with the same questions as the participants about their family, social situation, their activity habits and attitudes towards physical activity and sports. These questionnaires were answered by all the participants and 72% of the dropouts. Information was also obtained about their weights and heights at birth from the of®cial Swedish Birth register and at 15 y of age from the School Health services. No signi®cant differences in the mean weights and heights at birth and at the age of 15 y were found between the study group and the dropouts. The participants did not differ from the non-participants in their socio-economic background, except regarding their mother's education, which was slightly higher in the study group (P`0.05).
Questions concerning activity habits included type and duration of transport to school, participation in physical education, physical training in leisure time and competitive sports. In only two aspects were signi®cant differences found between the participants and the dropouts: In all groups regular physical training and participation in athletic contests tended to be more common among the adolescents who took part in the study than among the dropouts. The differences between the participants and non-participants were constantly smaller in the adolescents living in Uppsala compared with those in Trollha Èttan, and signi®cant differences were found only in the girls of Trollha Èttan concerning regular training, and in the boys of Trollha Èttan regarding athletic contests. Based on estimates of TEE and PAL in the participants who did or did not regularly devote themselves to physical training and/or athletic contests, we calculated the mean TEE and PAL values of the dropouts. The mean TEE and PAL of the randomised sample of 600 adolescents were estimated by summing up the calculations of these values in the drop-outs and the estimates in the participants.
All subjects were investigated close in time to their 15th birthday (15.0 AE 0.05 y) from March 1993 through April 1994.
The study was approved by the Ethics Committees of the Medical Faculties of the universities of Uppsala and Gothenburg.
Activity diary
Activity diary records were kept for seven consecutive days. The method originally proposed by Bouchard et al (1983) was modi®ed and is described in more detail elsewhere (Bratteby et al, 1997b) . The activities were divided into nine categories according to their average energy cost, representing multiples of BMR (physical activity ratios; PAR), from the lowest activity category, 1, during sleep or rest in bed, to the highest category, 9, during very intense to maximal manual work or sports activity. The energy costs allotted to these nine activity categories differed from those proposed by Bouchard et al (1983) and were based on more recently published studies on energy costs of human activities (James & Scho®eld, 1990; Ainsworth et al, 1993; Haggarty et al, 1994) .
In the diary each day is divided into 96 periods of 15 min each. All 96 periods are represented by squares in the pre-printed diary form, with four squares in each row representing one hour. For each 15 min period the subject enters into the appropriate square the categorical value corresponding to the dominant activity of that period. As a guide, a list of common activities together with their categorical values is printed on the record form. When an activity was not listed, the subject was instructed to apply a categorial value closest to an activity of comparable intensity or to enter an alphabetical code in the square and to write this code together with a description of the activity in 1±2 words in a section for notes on the record form.
Each subject was given a detailed explanation and demonstration of how to use the activity diary form. The subject completed a retrospective recording of the last two days' activities. The record was then discussed with the investigators. Special emphasis was placed on the choice of appropriate categorical values for different activities. The subjects were encouraged to contact the investigators by telephone at any time during the following seven days if in any doubt about the recording. After seven days the activity records were scrutinised, discussed with each subject and, if required, supplemented. The activity records were preprocessed by summing up the number of 15 min periods of each category. These results were then multiplied by the PAR value of each category and the predicted BMR of the individual subject, calculated from the prediction formula (Scho®eld, 1985) BMR 0.074 6 kg BW 2.754 MJ/d for boys and BMR 0.056 6 kg BW 2.898 MJ/d for girls.
Estimations of TEE and the physical activity level (PAL TEE/BMR) were validated by means of the DLW method and measurement of BMR by indirect calorimetry in 50 randomly selected adolescents, comprising a sub- *(P`0.01) and **(P`0.001) denote statistically signi®cant differences between the sexes. BW body weight.
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Results
All subjects were in good health as judged by a clinical examination. Some of their physical characteristics are presented in Table 1 . The mean weight, height and body mass index (BMI) did not differ signi®cantly between the subjects from Uppsala and Trollha Èttan, either boys or girls.
The results of the energy expenditure estimates are presented in Tables 2a and b . When these mean values of energy expenditure estimated from AD for all boys and for all girls were compared with the corresponding mean values in the subsamples of 25 boys and 25 girls, who were also studied by the DLW method, no signi®cant differences were found.
The mean BMR, TEE, TEE/BW, activity energy expenditure (AEE TEE 7 BMR), and PAL were signi®cantly greater in the boys than in the girls in all groups. In Table 3 the mean and s.e.m. of TEE and PAL are presented for the participants, dropouts and the total randomised sample (participants dropouts) calculated as described in subjects and methods. The participating girls from Trollha Èttan had signi®cantly (P`0.05) higher TEE than the corresponding dropouts, but no other signi®cant differences in TEE or PAL were found between the participants and dropouts or between the participants and the total randomised sample.
The mean length of time and the percentage of TEE spent at the different categories of physical activity were almost identical in the adolescents from the two regions, and showed a similar pattern in boys and girls (Figure 1a and b). The longest time and the highest percentage of TEE were spent at activity of the two lowest categories with mean values of approximately 9.2 h and 19% of TEE for sleeping and 8.3 h and 27% of TEE for sitting activities.
A mean of 1.5±2 h was spent each day at each of the activity categories 3±5, mainly representing standing, walking indoors and outdoors, respectively, with girls spending a signi®cantly longer time at category 4 than the boys. The mean length of time devoted to physical work or sports of low, medium or high intensities (categories 6±8) varied between 0.34 and 0.5 h, with no signi®cant difference between the sexes. A mean of only 0.09 h per day was devoted to activities of near maximal intensity (level 9), with a signi®cantly longer duration in boys than in girls. A mean of 10.3±12% of TEE was expended at categories 4, 5 and 8, with signi®cantly higher proportion of TEE spent at level 4 by the girls than by the boys; whereas 4.8±6.9% of TEE was expended at categories 3, 6 and 7, with no signi®cant difference between the sexes. The mean percentage of TEE spent at category 9 was signi®cantly higher in the boys (4.6%) than in the girls (1.6%).
When the adolescents were divided into three equal subgroups based on their levels of daily physical activity Table 2b Predicted basal metabolic rate (BMR) and total energy expenditure (TEE) as estimated by the activity diary (AD) method, and some variables derived from these, in 15 year old girls All (n 203) Trollha Èttan (n 106) Uppsala (n 97) DLW subsample (n 25) Energy expenditure and physical activity in adolescents L-E Bratteby et al (PAL values) , the patterns regarding the mean length of time and percentage of TEE spent at different activity categories were again strikingly similar (Figure 2a and b) . Girls with medium and high PAL values had a signi®cantly shorter mean sleeping time than those with low PAL values, while no such difference was found in boys with different PAL values (Table 4a and b). Boys and girls with lower PAL values spent a signi®cantly longer time sitting (category 2) and used a signi®cantly higher percentage of their TEE sleeping and sitting (categories 1 and 2) than those with higher PAL values (Table 5a and b). The opposite was found for high categories of physical activity, at which a signi®cantly shorter time and lower percentage of TEE were spent by adolescents with lower PAL values compared with those with higher PAL.
Discussion
In every population study differences are to be expected between the target population and the investigated sample. We compared the participants and dropouts of our total randomised sample from a number of aspects. Regarding Per cent of total energy expenditure (TEE) spent at the different categories of physical activity in girls and boys. Activity categories: 1 sleeping; 2 sitting; 3 standing; 4 walking indoors; 5 walking outdoors; 6 low intensity work/sports; 7 moderate intensity work/sports; 8 high intensity work/sports; 9 maximum intensity. Activity categories: 1 sleeping; 2 sitting; 3 standing; 4 walking indoors; 5 walking outdoors; 6 low intensity work/sports; 7 moderate intensity work/sports; 8 high intensity work/sports; 9 maximum intensity. Energy expenditure and physical activity in adolescents L-E Bratteby et al their habits of physical activity, only regular physical training and participation in athletic contests tended to be more common among the adolescents who took part in the study compared with the dropouts. We calculated the TEE and PAL for the dropouts and the whole randomised sample (participants dropouts), assuming that TEE and PAL were identical in the subgroups of participants and dropouts who did and did not participate in regular physical training and/or athletic contests. Only the participating girls from Trollha Èttan were found to have signi®cantly higher TEE than the corresponding dropouts. As no signi®cant difference in mean TEE or PAL was found between the participants and the whole randomised sample, and being aware that our calculations do not represent the true TEE and PAL values of the randomised sample or target population and, further, as corrections from such calculations have not to our knowledge been published earlier, we will hereafter discuss the results from our participants and not from the randomised sample. The adolescents who were asked to participate in the present study were randomly selected from the population register of two areas whose inhabitants have a quite different socio-cultural setting. The city of Uppsala, located in the mid-east of Sweden, has about 180 000 inhabitants. It is an administrative and educational centre of Sweden with two universities. The town of Trollha Èttan has about 55 000 inhabitants and is an industrial and urban region situated in the south-west of Sweden. Its inhabitants largely work in large automobile and jet engine industries and in administration services.
The very similar anthropometric measures in the adolescents from the two regions (Table 1) in spite of the different socio-cultural backgrounds may re¯ect a homogeneity in the Swedish population concerning standards of living and life-style factors.
The lack of signi®cant differences in the mean TEE and PAL estimates between the two regions, both in boys and girls, suggests that the general level of physical activity in the adolescents of these regions is similar. A slightly higher coef®cient of variation of TEE data from Trollha Èttan compared to Uppsala might indicate a larger variation in the physical activity level in the former region. In multiple correlation analyses with TEE/BW and PAL as dependent variables and parental education and social class indicators as independent variables, no signi®cant correlations were found. These and similar ®ndings in our study concerning the relationship between dietary intake in adolescents and parental socio-cultural level (Samuelson et al, 1996) , indicate that life-style factors such as physical activity and nutritional habits are much less in¯uenced by the parents and the home environment during adolescence than they are in earlier periods of childhood (Sunnega Êrdh et al, 1986) .
In the present study it was impossible to measure total energy expenditure by the DLW method in the whole study group on account of the great costs. An alternative to the diary method could have been minute-by-minute HR monitoring. With its objectivity, and its automatic low-interference recording principle, this method has obvious advantages over the activity diary. TEE estimation by HR monitoring requires, however, complex and time-consum- Energy expenditure and physical activity in adolescents L-E Bratteby et al ing individual calibration procedures which limit the use of this method. Few HR studies of more than 50 subjects have been reported and usually the recordings have covered no more than three days in each subject. Our validation of the AD method (Bratteby et al, 1997b) indicates that AD offers a possibility of estimating TEE in groups of adolescents as closely as HR monitoring (Livingstone et al, 1992) and with a slightly lower coef®cient of variation. A recording period of seven days with the diary method compared to three days with HR monitoring might have contributed to these results.
The consistency in the AD estimates of TEE and PAL in the boys and girls from the two regions and the conformity with the DLW results further indicate the validity of the diary estimates.
In Tables 6a and b results from the present study based on the activity diary are compared with those from earlier studies using the DLW method in 15 y old adolescents, including results for the subsample of 50 adolescents from the present cohort (Bratteby et al, 1997a) , as the DLW technique offers the most accurate measurements of energy expenditure and habitual physical activity in free-living individuals. The study by Livingstone et al (1992) included only six 15 y old boys and girls, which makes a comparison doubtful. Our DLW-based estimates of TEE in boys and girls are slightly and non-signi®cantly higher than those reported by Davies et al (1991) and those of the non-obese adolescents in the study of Bandini et al (1990) , and in the boys they were almost identical to the results of these authors when TEE is expressed per kg body weight.
When the mean TEE and PAL estimated from the activity diary in boys and girls in this study were compared with the corresponding DLW-based values from the three studies mentioned above the only signi®cant difference found was a higher activity diary-based PAL in boys (P`0.05) compared with the corresponding mean PAL in the study of Bandini et al (1990) . This discrepancy is mainly explained by differences in the estimation of BMR in the two studies. In the present study, as in that of Davies et al (1991) , BMR was predicted from body weight as described by Scho®eld et al(1985) , while Bandini et al (1990) used indirect calorimetry. When we recalculated PAL in the boys and girls of the study of Bandini et al (1990) on the basis of BMR predicted according to Scho®eld et al (1985) and the mean reported body weight, we obtained mean values of 1.88 and 1.70 in boys and girls, respectively compared with the means of 1.79 and 1.69 based on measured BMR (Table 6a and b).
All these estimates of energy expenditure in the present and previous studies are high in comparison with the current national and international recommendations for In a comprehensive analytical review of physical activity levels of children and adolescents, Torun et al (1966) excluded studies of children of all ages with mean PAL b 1.90, as such studies were considered to be unlikely to represent a habitual activity level in cities and industrialised countries, although there were only sparse data on which to base this judgement. By this exclusion, they unnecessarily restricted the upper limit of PAL in their analysis. From their ®ndings, these authors suggest mean PAL values for children and adolescents with different levels of habitual physical activity. The proposed mean PAL values for boys aged 14±18 y with light, moderate and high habitual activity are 1.60, 1.80 and 2.05, and the corresponding values for girls are 1.45, 1.65 and 1.85, respectively. Using these PAL values as references, we conclude that the levels of physical activity in adolescents living in the two regions of Sweden investigated in the present study are high. This conclusion is supported by the ®ndings that the majority of the adolescents of this study showed a positive attitude towards physical activities and sports; that 80% of them walked or bicycled to and from school; that almost all of them took part in the physical education; and that 60% of them trained regularly in their leisure time.
The activity diary can be used not only to estimate the mean TEE and PAL in groups of individuals, but also the time and per cent of TEE spent at different categories of activities. In the present study, boys and girls as well as three equally sized subgroups of adolescents based on their PAL values showed generally congruent patterns but also certain distinct differences in the time and percentage of TEE spent at different categories of activity (Figure 1a and b). A close association was found between the general physical activity level of the adolescents and their time spent sitting. Adolescents with the lowest PAL values spent 3±6 h longer each day sitting compared with those with the highest PAL values. The 33% of the boys who had the lowest PAL values spent a mean of 10.13 AE 1.58 h each day sitting (Table 4a) , while the 33% with the highest PAL values spent only 6.66 AE 1.67 h sitting. The girls showed similar values (Table 4b) .
A calculation shows that the length of time that adolescents with high PAL values spend sitting is close to the lower limit required for school work, homework and meals. This indicates that the adolescents of this study refrain from sitting activities in relation to their PAL values. We have no information about how adolescents with low PAL values spend their extra sitting hours. Presumably a large part is devoted to TV viewing, listening to music, computer games, and IT activities. If all the participants of this study were to increase their TV viewing (category level 2) by one hour per day instead of walking outdoors (category level 5), the mean TEE and PAL values in the boys would decrease from 14.1±13.5 and from 1.94±1.86, respectively, and in the girls from 10.9±10.4 and 1.79±1.72, respectively.
Our results also indicate that everyday activities such as walking and bicycling have a crucial impact on the PAL values. When the adolescents with the lowest and moderate PAL values were compared, the whole difference in the time spent sitting between the girls of these two PAL groups was spent by the girls with moderate PAL values in activities such as walking indoors and outdoors (categories 4 and 5), while the boys with moderate PAL values spent 67% of the difference at these categories of activity. The mean time spent at the highest category of physical activity was rather short even in the boys with the highest PAL values. When the 33% of the adolescents with the highest PAL values were compared with those with moderate PAL values, it was found that 98% of the difference in the time spent sitting between these two PAL groups was spent by the girls at activities of categories 6±8, while 93% of the difference was spent by the boys at activity categories 5, 8, and 9.
Physical activity habits in adolescents may differ in different parts of the country, and more studies are needed to obtain ®rm knowledge about the general level of physical activity and energy expenditure in this age group in Sweden. Longitudinal studies are also required in order to detect changes in activity habits in the population, which potentially might have great impact on public health. Indirect evidence has led to an opinion that during the last few decades Swedish children and adolescents have adopted a more sedentary life-style with a low energy intake. The consistency of the results of this study does not support this view. In two studies where estimates of energy intake from dietary records were validated by total energy expenditure assessed by DLW, an underestimation of energy intake in adolescents was found (Bandini et al, 1990; Livingstone et al, 1992) . This question will be further addressed in separate studies of the current investigation.
